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1
SWITCH DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2011-061649 filed in Japan on Mar. 18, 2011.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is a technology related to a switch
device system for passing/interrupting an electrical signal or
turning power on/off.

2. Description of the Related Art

As conventional technologies for energization/shutdown
of AC power, for example, there are the following technolo-
gies. In a first conventional technology, energization/shut-
down of AC power is performed in such a manner that AC
contacts are closed/opened by on/off operation of a power
switch. A second conventional technology is related to, for
example, a projector device without a main switch, and the
device is started up and set up for off after use by means of a
push-button switch; after the setup for off, an AC plug is
pulled out of a socket.

In general, these first and second conventional technolo-
gies are mainstream; however, the first conventional technol-
ogy has a problem, for example, that if AC power supply is
interrupted by sudden on-to-off operation of the power switch
at the timing at which device off setup is not ready, such as
when an HDD is in operation or during cooling ofa DC power
source or a heating unit, the device may be broken.

Furthermore, the second conventional technology can cer-
tainly set up for off of a device just like the first conventional
technology; however, there are problems that as long as the
AC plug is being inserted into the socket, AC power for
detection of the push-button switch and setup for on is con-
sumed all the time, so it is not possible to meet energy saving,
and the device is not user-friendly.

To solve these problems, in a third conventional technol-
ogy, the operation of a toilet fan switch is employed in ener-
gization/shutdown of AC power, and an on/off state of switch
operation is configured to be detected by a different switch or
a detecting means; upon detection of off, a device off setup
process is promptly performed to prepare for subsequent
showdown of AC power triggered by a clockwork timer of the
fan switch.

This third conventional technology is superior in terms of
certain device off setup with respect to showdown of AC
power and no wasted power consumption; however, there are
problems that the mechanical structure is somewhat complex
and there is an increase in production costs. Furthermore,
even if the device off setup is completed in a short time, it
takes a predetermined time to shut down the AC power, so it
may cause some wasted power consumption.

To solve such a problem, in a fourth conventional technol-
ogy, relay contacts are provided in parallel with AC contacts
of'a power switch, and a switch and a relay are combined as a
switch unit, and an electronic timer means is provided. This
fourth conventional technology can solve the problems of the
third conventional technology, but has problems that the
switch unit increases several times in size as compared with
the existing power switch, and twice as many AC contact
circuits are required, and there is always wasted power con-
sumption for excitation current constantly passed through the
relay while the power switch is on and for operating the timer.
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Furthermore, even if the device off setup is completed in a
short time, it takes a predetermined time to shut down the AC
power, so the problem of some wasted power consumption
still remains.

Therefore, in a fifth conventional technology, the switch
and the relay in the fourth conventional technology are sepa-
rated, and a different switch or detecting means capable of
detecting an on/off state of switch operation is provided to the
switch unit, and no timer is mounted. The fifth conventional
technology employs a method to perform off control of exci-
tation power of the relay upon completion of a device off
setup process after detection of off.

This fifth conventional technology is superior in terms of
the certainty of execution of the device off setup process upon
detection of the off state of switch operation and execution of
shutdown of AC power immediately after completion of the
device off setup process. However, in this fifth conventional
technology, the problems that twice as many AC contact
circuits are required and there is wasted power consumption
for excitation current constantly passed through the relay
while the power switch is on still remain. Furthermore, there
is a problem of an increase in space to provide the different
switch or detecting means.

For example, Japanese Patent Application Laid-open No.
2002-008490 and Japanese Patent Application Laid-open No.
2002-159143 disclose the conventional technologies as
described above.

Therefore, there is a need for a switch device capable of: (1)
safety shutdown of the apparatus even in the event of sudden
turn-off of a power switch; (2) shutdown of AC power by
operation of the power switch when the apparatus is not in
use; (3) less wasted power while the apparatus is in operation;
(4) less wasted power while the apparatus is in off mode; (5)
saving of the space required for the switch and necessary parts
as much as possible; (6) production at lower cost; and (7)
implementing turn-off of switch contacts with certainty even
in the event of out of control due to CPU runaway or the like
and enabling a user to recognize such an abnormal condition.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to an embodiment, there is provided A switch
device that includes a switch operation unit configured to be
mechanically operated so as to be in on state or off state; a
detecting unit configured to detect whether the switch opera-
tion unit is in the on state or the off state; a first mechanism to
be configured to close electrical contacts of at least one circuit
when the switch operation unit is operated to be in the on state
from the off state; and a second mechanism configured to
maintain the electrical contacts in a closed state and switch
the electrical contacts from the closed state to an open state in
response to electrical signals indicating off, on, and, off'to be
received sequentially while the switch operation unit is in the
off state when the switch operation unit is operated to be in the
off state from the on state. The second mechanism outputs a
fifth signal that is a logical OR of a third signal and a fourth
signal, the third signal being a logical AND of a first signal
indicating whether control of the electrical signal is possible
or not and a second signal indicating detection of the switch
operation unit being in the off state, the fourth signal being the
electrical signal. If the first signal indicates that control of the
electrical signal is not possible, the second mechanism out-
puts the third signal as the fifth signal, thereby switching the
electrical contacts from the closed state to the open state. If
the first signal indicates that control of the electrical signal is
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possible, the second mechanism outputs the fourth signal as
the fifth signal, thereby switching the electrical contacts from
the closed state to the open state.

According to another embodiment, there is provided a
switch device thatincludes a switch operation unit configured
to be mechanically operated so as to be in on state or off state;
a detecting unit configured to detect whether the switch
operation unit is in the on state or the off state; a first mecha-
nism to be configured to close electrical contacts of at least
one circuit when the switch operation unit is operated to be in
the on state from the off state; a second mechanism config-
ured to maintain the electrical contacts in a closed state and
switch the electrical contacts from the closed state to an open
state in response to electrical signals indicating off, on, and,
offto be received sequentially while the switch operation unit
is in the off state when the switch operation unit is operated to
be in the off state from the on state; and a third mechanism
configured to switch the electrical contacts from the closed
state to the open state in response to the electrical signals
indicating off, on, and, off to be received sequentially and
switch the switch operation unit from the on state to the off
state when the switch operation unit is in the on state and the
electrical contacts are in the closed state. The second mecha-
nism outputs a fifth signal that is a logical OR of a third signal
and a fourth signal, the third signal being a logical AND of a
first signal indicating whether control of the electrical signal
is possible or not and a second signal indicating detection of
the switch operation unit being in the off state, the fourth
signal being the electrical signal. If the first signal indicates
that control of the electrical signal is not possible, the second
mechanism outputs the third signal as the fifth signal, thereby
switching the electrical contacts from the closed state to the
open state. If the first signal indicates that control of the
electrical signal is possible, the second mechanism outputs
the fourth signal as the fifth signal, thereby switching the
electrical contacts from the closed state to the open state.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing the mechanical
structure of a switch main body part of a switch device
according to a first embodiment;

FIG. 2 is a schematic diagram showing the structure of a
mechanism that switches first electrical contacts from a
closed state (contact off) to an open state (contact off) in the
switch device according to the first embodiment;

FIG. 3 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in the first
embodiment;

FIG. 4 is a flowchart showing a procedure of control pro-
cessing performed by a controller according to the first
embodiment;

FIG. 5 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a
second embodiment;

FIG. 6 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a third
embodiment;

FIG. 7 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a fourth
embodiment;
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FIG. 8 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a fifth
embodiment; and

FIG. 9 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a sixth
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Exemplary embodiments of a switch device system and an
apparatus including the switch device system according to the
present invention are explained in detail below with reference
to accompanying drawings. Needless to say, the embodi-
ments below explain an example of the present invention, and
various changes, modifications, and refinements can be made
by those skilled in the art without departing from the scope of
the present invention, and the present invention is not limited
to the embodiments below.

First Embodiment

FIG. 1 is a schematic diagram showing the mechanical
structure of a switch main body part 10 of a switch device
according to a first embodiment. FIG. 1 illustrates a state
where a switch operation unit 1 is in an on state.

As shown in FIG. 1, the switch main body part 10 accord-
ing to the present embodiment mainly includes the switch
operation unit 1, first switch contact levers 21 and 22, and a
second switch contact lever 3. Furthermore, the switch main
body part 10 according to the present embodiment includes,
as first electrical contacts, a first switch contact lever-side
contact 21¢ and a first switch terminal-side contact 214,
which correspond to the first switch contact lever 21, and a
first switch contact lever-side contact (not shown) and a first
switch terminal-side contact (not shown), which correspond
to the first switch contact lever 22, below a lower part 15 of the
switch operation unit 1.

Moreover, the switch main body part 10 according to the
present embodiment includes, as second electrical contacts, a
second switch contact lever-side contact (not shown) and a
second switch terminal-side contact (not shown), which cor-
respond to the second switch contact lever 3, below the lower
part 15 of the switch operation unit 1.

In the switch device according to the first embodiment, the
first electrical contacts are always in a closed state (contact
on) when the switch operation unit 1 is mechanically in an on
state, but even when on-to-off operation of the switch opera-
tion unit 1 is performed, the first electrical contacts are not
switched from the closed state to an open state (contact off);
on the other hand, the second electrical contacts are always in
the closed state (contact on) when the switch operation unit 1
is in the on state, and are always in the open state (contact oft)
when the switch operation unit 1 is mechanically in an off
state. Here, the second electrical contacts are the same as
those is in a general switch device (a mechanism that switches
electrical contacts to the closed state (contact on)/the open
state (contact off) in synchronization with on/off operation of
the switch operation unit).

The switch operation unit 1 is integrated with the lower part
15, and can be rotated around a supporting point la as a
central axis by being turned on/off by a user.

As shownin FIG. 1, out of an area of the lower part 16 of the
switch operation unit 1 on the side opposite to the first switch
contact lever-side contact 21¢, a portion opposed to the first
switch contact levers 21 and 22 is cut out. Therefore, the lower
surface of the lower part 16 of the switch operation unit 1
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never comes in contact with the upper surfaces of the first
switch contact levers 21 and 22. On the other hand, out of an
area of the lower part 15 of the switch operation unit 1 on the
side opposite to the second switch contact lever-side contact,
a portion opposed to the second switch contact lever 3 does
not have such a cutout as shown in FIG. 1. Therefore, the
lower surface of the lower part 15 of the switch operation unit
1 can come in contact with the upper surface of the second
switch contact lever 3. Namely, as will be described later,
when the switch operation unit 1 is turned off, the lower
surface of the lower part 16 of the switch operation unit 1
presses only the second switch contact lever 3 and does not
press the first switch contact levers 21 and 22.

When the switch operation unit 1 is turned on, the whole
lower part 15 of the switch operation unit 1 is in contact with
the first switch contact levers 21 and 22 and the second switch
contact lever 3; in this on state, the first switch contact lever-
side contact 21¢ and the first switch terminal-side contact 214
which correspond to the first switch contact lever 21, and the
first switch contact lever-side contact (not shown) and the first
switch terminal-side contact (not shown) which correspond
to the first switch contact lever 22, and the second switch
contact lever-side contact (not shown) and the second switch
terminal-side contact (not shown) which correspond to the
second switch contact lever 3 are maintained in the contact
state. Therefore, the three pairs of the electrical contacts
corresponding to the first switch contact levers 21 and 22 and
the second switch contact lever 3, respectively, are in the
closed state (contact on state), and a circuit current flows.

To explain the switch contact circuit corresponding to the
first switch contact lever 21 more specifically, a terminal 21e
on the side of a contacting conductor always in contact during
operation of the first switch contact lever, a contacting con-
ductor 215 always in contact during operation of the first
switch contact lever, a first switch contact lever conductor
21a, the first switch contact lever-side contact 21c¢, the first
switch terminal-side contact 214, and a first switch on/off
contact-side terminal 21fare electrically connected, thereby a
circuit current flows. The same goes for two switch contact
circuits (not partially shown) corresponding to the first switch
contact lever 22 and the second switch contact lever 3, respec-
tively.

On the other hand, when the switch operation unit 1 is
turned off (on to off), since the lower part 15 of the switch
operation unit 1 is in contact with the whole surface of the
second switch contact lever 3 on the back side, the second
switch contact lever 3 also rotates in accordance with the
on-to-off operation of the switch operation unit 1, and the
second switch contact lever-side contact (not shown) and the
second switch terminal-side contact (not shown), which cor-
respond to the second switch contact lever 3, are released
from the contact state and put into the open state (contact off).

Furthermore, since a portion of the lower part 15 of the
switch operation unit 1 on the side of the first switch contact
levers 21 and 22 has the cutout, even when the switch opera-
tion unit 1 is turned off, the lower part 16 of the switch
operation unit 1 does not come in contact with the first switch
contact levers 21 and 22, so the first switch contact levers 21
and 22 are not pressed down. Therefore, in this state, the first
switch contact lever-side contact 21c and the first switch
terminal-side contact 214, which correspond to the first
switch contact lever 21, and the first switch contact lever-side
contact (not shown) and the first switch terminal-side contact
(not shown), which correspond to the first switch contact
lever 22, are maintained in the contact state, i.e., the closed
state (contact on).
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By such a switch mechanism, whether the switch operation
unit 1 is on or off can be detected by detecting the contact state
of the second switch contact lever-side contact (not shown)
and the second switch terminal-side contact (not shown),
which correspond to the second switch contact lever 3, inside
or outside the switch.

Furthermore, in the present embodiment, detection of the
contact state of the second switch contact lever-side contact
(not shown) and the second switch terminal-side contact (not
shown) is used as a means of detecting whether the switch
operation unit 1 is on or off; however, the means is not limited
to this. For example, it can be configured to detect whether the
switch operation unit 1 is on or off by use of a light-shielding
plate for switching a light-receiving state of a photo inter-
rupter which operates in conjunction with the switch opera-
tion unit 1.

Moreover, the second electrical contacts composed of the
second switch contact lever-side contact and the second
switch terminal-side contact can be configured to be opened
(off)/closed (on) in synchronization with on/off operation of
the switch operation unit 1, and the first electrical contacts
composed of the first switch contact lever-side contact 21c¢
and the first switch terminal-side contact 21d can be config-
ured to be maintained in a closed state without synchroniza-
tion with the on-to-off operation of the switch operation unit
1.

Subsequently, there is described a mechanism that
switches the first electrical contacts from the closed state
(contact on) to the open state (contact off) when the switch
operation unit 1 is turned off (on to off).

FIG. 2 is a schematic diagram showing the structure of the
mechanism that switches the first electrical contacts from the
closed state (contact on) to the open state (contact off) in the
switch device according to the first embodiment. FI1G. 2 illus-
trates only a lower part of the first switch contact levers 21 and
22. Furthermore, FI1G. 2 shows a case where the switch opera-
tion unit 1 is turned off and no electric current flows through
an electromagnet coil 45 for the on-to-off operation of switch
contact lever.

When the switch operation unit 1 is turned off (on to off),
as described above, the second electrical contacts (the second
switch contact lever-side contact and the second switch ter-
minal-side contact) go into the open state, but the first elec-
trical contacts (the first switch contact lever-side contact 21¢
and the first switch terminal-side contact 21d, and the first
switch contact lever-side contact (not shown) and the first
switch terminal-side contact (not shown) which correspond
to the first switch contact lever 22) are maintained in the
contact state and are in the open state (contact on).

As shown in FIG. 2, in the switch main body part 10 shown
in FIG. 1, an iron plate (a magnetic body) 29 for on-to-off
operation of switch contact lever is bonded to the lower parts
of'the first switch contact levers 21 and 22. Consequently, the
first switch contact levers 21 and 22 operate in conjunction
with each other.

Furthermore, as shown in FIG. 2, in the switch main body
part 10 shown in FIG. 1, an iron core 4a for the on-to-off
operation of switch contact lever on which the electromagnet
coil 4b is wound is placed to be opposed to the iron plate
(magnetic body) 29. Here, the iron core 4a and the electro-
magnet coil 45 compose an electromagnet; when a circuit
configuration to be described later passes electric current
through the electromagnet coil 45, the iron core 4a becomes
magnetized. Therefore, by passing electric current through
the electromagnet coil 45, electromagnetic attractive force
acts on between the iron core 4a and the iron plate (magnetic
body) 29, thereby pulling down the right parts of the first
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switch contact levers 21 and 22 in FIG. 2. Consequently, the
first electrical contacts, i.e., the first switch contact lever-side
contact 21¢ and the first switch terminal-side contact 214 and
the first switch contact lever-side contact (not shown) and the
first switch terminal-side contact which correspond to the first
switch contact lever 22 are released from the contact state and
go into the open state (contact off). Here, the electric current
passed through the electromagnet coil 45 can be either direct
current or alternating current.

Incidentally, in the above, there is described the case where
the switch operation unit 1 is turned off; in a case where the
switch operation unit 1 is turned on, it can be configured that
when electric current is passed through the electromagnet coil
4b, the first electrical contacts are released from the contact
state, and the switch operation unit 1 is switched from on to
off by force that pulls up the left parts of the first switch
contact levers 21 and 22 in FIG. 2.

Furthermore, as the above-described switch structure,
whether the first switch contact lever 21 is turned to the on
side or the off side, the first switch contact lever conductor
21a and the contacting conductor 215 are always in contact.
The same goes for the first switch contact lever 22 and the
second switch contact lever 3.

By such a switch configuration, the first switch contacts
inside the switch are kept on whenever the on-to-off operation
of the switch operation unit 1 is performed, so the first elec-
trical contacts are not suddenly disconnected. Therefore, after
detection of the switch off state, a machine can be safely shut
down or operation in progress can be completed. Further-
more, unlike the conventional technologies, there is no need
to maintain relay contacts in on with excitation current, so
there is no wasted power consumption. Consequently, even
when a machine is working or is in off mode, energy for
maintaining the first switch contact circuit is not required.
This is because the contact on, i.e., the maintenance of contact
of the first electrical contacts has been done by off-to-on
operation of the switch operation unit 1.

‘When the on-to-off operation of the switch operation unit 1
is detected from the contact state of the second electrical
contacts, the contact of the first electrical contacts can be
turned off state by means of an electromagnet (bimetal or the
like, in a second embodiment described later) after execution
of pre-shutdown processing. The pre-shutdown processing is
processing for safety shutdown of an apparatus before supply
of AC input voltage to the apparatus is interrupted. Therefore,
when the apparatus is not in use, the contact of the first
electrical contacts can be turned off to reduce wasted power
consumption and can interrupt the power supply.

Furthermore, unlike the conventional technologies, a relay
circuit in parallel with the switch is not necessary. The first
electrical contacts serve not only the switch function but also
the relay function in the conventional technologies. There-
fore, it is possible to achieve a compact, low-cost switch
device and apparatus including the switch device.

Subsequently, there is described a circuit configuration for
passing electric current through the electromagnet to put the
first electrical contacts into the open state. FIG. 3 is a circuit
configuration diagram for explaining the operation of the
switch contacts and the flow of signals in the first embodi-
ment.

As shown in FIG. 3, the circuit configuration according to
the present embodiment mainly includes a SVE power source
301, a controller 302, and a composite main switch 303.

The SVE power source 301 is a power source for control of
DC low-voltage, and is a power source that is required to
constantly supply an output voltage of 5V-DC or the like
when a control unit is in operation. The composite main
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switch 303 includes an AC shutdown switch 304, an electro-
magnet, and a signal switch SW4. In FIG. 3, only the elec-
tromagnet coil 45 of the electromagnet is illustrated.

The signal switch SW4 corresponds to the second switch
contact lever-side contact (not shown) and the second switch
terminal-side contact (not shown) as the second electrical
contacts. Therefore, as described above, the signal switch
SW4 goes into the closed state (contact on) in conjunction
with on operation of the switch operation unit 1, and goes into
the open state (contact off) in conjunction with off operation
of the switch operation unit 1. The controller 302 can detect
whether the switch operation unit 1 is on or off by detecting
the on/off state of the signal switch SW4. Furthermore, the
controller 302 is a control unit, so the controller 302 requires
to be constantly supplied with an output voltage of SV-DC or
the like while the controller 302 is in operation.

The AC shutdown switch 304 includes switch circuits SW1
and SW2. Here, the switch circuits SW1 and SW2 correspond
to the two pairs of the first electrical contacts, respectively.
Namely, the switch circuit SW1 corresponds to the first
switch contact lever-side contact 21¢ and the first switch
terminal-side contact 214, and the switch circuit SW2 corre-
sponds to the first switch contact lever-side contact (not
shown) and the first switch terminal-side contact (not shown)
which correspond to the first switch contact lever 22 shown in
FIG. 1.

When the switch operation unit 1 is turned on, these switch
circuits SW1 and SW2 go into the on state, i.e., the closed
state, thereby AC power is supplied to the SVE power source
301 (the power source for control of DC low-voltage) from an
AC input 306 of a commercial power source. On the other
hand, when the switch operation unit 1 is turned off; to avoid
sudden AC power shutdown, the contacts of the switch cir-
cuits SW1 and SW2 as the first electrical contacts are not
immediately put into the open state by the above-described
mechanism.

In FIG. 3, a chain double-dashed arrow indicates an on/off
state of electrical contacts operating in conjunction with
operation of the switch operation unit 1. Therefore, the switch
circuits SW1 and SW2 go into the closed state (contact on) in
conjunction with only the on operation of the switch opera-
tion unit 1 made when the switch circuits SW1 and SW2 are
in the open state (contact off). (Once the switch circuits SW1
and SW2 go into the closed state (contact on), their contact
states are maintained in the closed state (contact on) regard-
less of subsequent on/off operation of the switch operation
unit 1.) To put the switch circuits SW1 and SW2 into the open
state (contact off), electric current is just passed through the
electromagnet coil 45 (to be described below).

Furthermore, a dotted arrow in FIG. 3 indicates that a state
of switch contacts can be changed from on to oft by instan-
taneous force of the electromagnet. The switch contacts cor-
respond to respective contacts of the switch circuits SW1 and
SW2. That is, when electric current is passed through the
electromagnet coil 45, the switch circuits SW1 and SW2 go
into the open state.

The controller 302 is connected to the SVE power source
301. The controller 302 detects the open/closed state of the
signal switch SW4. When detecting the open state of the
signal switch SW4, the controller 302 immediately performs
pre-shutdown processing. In a case of an image forming
apparatus, the pre-shutdown processing includes completion
of processing in progress by a hard disk drive (HDD), cessa-
tion of read/write, completion of an image forming job, rota-
tion of a cooling fan for a predetermined period of time, to
place each movable object back to home position, and the
like. Furthermore, in a case of an electrical device, a machine
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tool, a medical device, a motor vehicle, a transportation
machine, and the like, the pre-shutdown processing includes
completion or safety cessation of data recording or a job in
progress, and the like.

When completed the pre-shutdown processing, the con-
troller 302 outputs an electromagnet on signal to the electro-
magnet, and passes electric current through the electromag-
net coil 4b of the electromagnet to turn the electromagnet on.
Consequently, the respective contacts of the switch circuits
SW1 and SW2 as the first electrical contacts go into the open
state, i.e., the contact off state.

Here, the electromagnet on signal is an electrical signal to
pass electric current through the electromagnet and turn the
electromagnet on, thereby putting the first electrical contacts
into the open state (contact off), that is, the electric current
passing through the electromagnet is used as the electromag-
net on signal. Besides this, a control signal to switch the
passage of electric current through the electromagnet from off
to on can be used as the electromagnet on signal (for example,
as in a first modification of the first embodiment to be
described later with reference to FIG. 5). However, the elec-
tromagnet on signal is not limited to these.

A moment, such as 0.1 second, is enough for the controller
302 to perform on control of the electromagnet. Therefore,
energy consumed in performing the on control of the electro-
magnet is extremely low. Here, it is preferable that the con-
troller 302 performs the on control of the electromagnet in a
short time; however, in the case of the present embodiment,
even if the on control of the electromagnet is continued, once
the switch circuits SW1 and SW2 go into the open state, the
power supply from the AC input 306 to the SVE power source
301 is interrupted, so energy required for the controller 302 to
pass electric current through the electromagnet automatically
vanishes. In either configuration, the controller 302 can detect
off operation of the switch operation unit 1 and determine a
sequence of shutdown (open of AC switch contacts).

Subsequently, there is described in detail the control by the
controller 302 to switch the state of the first electrical contacts
from contact on (the closed state) to contact off (the open
state) when the switch operation unit 1 is turned off (on to off).
FIG. 4 is a flowchart showing a procedure of control process-
ing performed by the controller 302 according to the first
embodiment. The controller 302 is configured to perform the
control processing shown in FIG. 4 as a part of the main
routine under controller control; alternatively, the controller
302 can be configured to perform the control processing at
regular time intervals, such as at intervals of 20 milliseconds.

First, the controller 302 detects whether the second elec-
trical contacts, i.e., the signal switch SW4 is in the open or
closed state, thereby detecting whether the switch operation
unit 1 is on or off (Step S11). Here, the controller 302 pulls an
input signal up or down to a voltage other than GND via a
resistor, thereby the controller 302 can detect the open/closed
state of the signal switch SW4. Specifically, when detected
that the signal switch SW4 is in the closed state, the controller
302 detects that the switch operation unit 1 is in the on state;
on the other hand, when detected that the signal switch SW4
is in the open state, the controller 302 detects that the switch
operation unit 1 is in the off state.

When the switch operation unit 1 is in the on state (ON at
Step S11), the controller 302 stands by for the next process-
ing. On the other hand, when the switch operation unit 1 is in
the off state (OFF at Step S11), the controller 302 determines
whether pre-shutdown processing has been completed or
whether pre-shutdown processing is unnecessary (Step S12).

When determined that pre-shutdown processing has not
been completed or that pre-shutdown processing is necessary
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(NO at Step S12), the controller 302 determines whether the
pre-shutdown processing has started (Step S13). When the
pre-shutdown processing has started (YES at Step S13), the
controller 302 continues the pre-shutdown processing
through to completion (Step S14), and stands by for the next
processing. On the other hand, when the pre-shutdown pro-
cessing has not started (NO at Step S13), the controller 302
starts the pre-shutdown processing (Step S15), and stands by
for the next processing. The reason why the controller 302
performs this processing is because if the first electrical con-
tacts are immediately put into the open state, sudden AC
power shutdown occurs and becomes a problem.

At step S12, when determined that pre-shutdown process-
ing has been completed or that pre-shutdown processing is
unnecessary (YES at Step S12), it is not a problem if the first
electrical contacts are immediately put into the open state, so
the controller 302 determines whether an electromagnet on
signal for putting the switch circuits SW1 and SW2, which
are the first electrical contacts, into the open state has been
output (Step S16). When an electromagnet on signal has not
been output (NO at Step S16), the controller 302 outputs an
electromagnet on signal (electric current passing through the
electromagnet or a control signal to switch the passage of
electric current through the electromagnet from off to on, etc.)
(Step S17), and stands by for the next processing. This leads
to passage of electric current through the electromagnet coil
45 of the electromagnet, and the electromagnet is turned on.

At Step S16, when an electromagnet on signal has been
output (YES at Step S16), the controller 302 checks whether
apredetermined amount of time has passed since the output of
the electromagnet on signal at Step S17 (Step S18). When the
passage of the predetermined amount of time cannot be con-
firmed (NO at Step S18), the controller 302 stands by for the
next processing. On the other hand, at Step S18, when the
passage of the predetermined amount of time can be con-
firmed (YES at Step S18), the switch circuits SW1 and SW2,
which are the first electrical contacts, are put into the open
state (contact off) by electromagnetic force, so the controller
302 outputs an electromagnet off signal (Step S19), and
stands by for the next processing. Here, the electromagnet off
signal is a signal to stop the passage of electric current
through the electromagnet and turn the electromagnet off.
Besides the stop of the passage of electric current, a control
signal to switch the passage of electric current through the
electromagnet from on to off can be used as the electromagnet
off signal. However, the electromagnet off signal is not lim-
ited to these.

Incidentally, in the present embodiment, the electromagnet
off signal is output after the predetermined amount of time
has passed since the output of the electromagnet on signal
(Steps S18 and S19); alternatively, the controller 302 can be
configured to stand by for the next processing without per-
forming Steps S18 and S19 if the electromagnet on signal has
been output (YES at Step S16). Since the power supply from
the AC input 306 to the SVE power source 301 is shut off by
subsequent contact off of the first electrical contacts (the
switch circuits SW1 and SW2), energy required for the con-
troller 302 to pass electric current through the electromagnet
automatically vanishes. In the flowchart shown in FIG. 4, a
dotted box portion can be changed to a solid round portion.

Furthermore, also when the switch operation unit 1 is in the
on state, if the controller 302 inputs a shutdown execution
signal at the discretion of the controller 302, it can be config-
ured to control so as to turn the electromagnet (the electro-
magnet coil 45) on, thereby forcibly changing the state of the
first electrical contacts from on to off and turning the switch
operation unit 1 off.
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In this manner, in the present embodiment, even when the
switch operation unit 1 is turned off, the first electrical con-
tacts are not immediately put into the open state but main-
tained in the contact on state, and after completion of pre-
shutdown processing, electric current is passed through the
electromagnet, thereby putting the first electrical contacts
into the open state, i.e., the contact off state; therefore, even if
sudden off operation is performed on the switch operation
unit 1, it is possible to shut down equipment with the switch
device safely. Furthermore, when the equipment is not in use,
the switch device can shut off the AC power. Moreover,
wasted power consumed when the equipment is in operation
or at the time of power-off is low; therefore, it is possible to
reduce power consumption. Furthermore, required space for
the switch and necessary parts is minimized; therefore, it is
possible to achieve space-saving of the switch device. More-
over, it is possible to provide a switch device at lower pro-
duction costs as compared with the conventional technolo-
gies.

Namely, in the first embodiment, out of the above-de-
scribed problems (1) to (7), at least the problems (1) to (6) can
be solved. A way to solve at least the problem (7) in addition
to the problems (1) to (6) will be explained in embodiments
below.

Second Embodiment

In a switch device as in the first embodiment, a state change
of the first electrical contacts from on to off requires the
control to off-to-on-to-off by means of an electrical signal
from outside the switch. It is necessary to provide a means
capable of certainly turning the first electrical contacts from
onto off even if the switch device gets out of control to switch
the first electrical contacts from on to off due to CPU runaway
or the like.

For example, as a measure against runaway of the control-
ler 302, there can be used a means of turning the electromag-
net on, thereby disconnecting the AC power upon occurrence
of'any of a watchdog (WD) signal of the controller 302 and a
communication error signal.

By use of such a means, the first electrical contacts can be
turned from on to off even if the switch device gets out of the
control to turn the first electrical contacts from on to off due to
CPU runaway or the like. However, the switch device system
or a switch apparatus including the switch device system
automatically goes into the off state, which is a normal state,
without a user of the switch device system or the switch
apparatus noticing the abnormality. In the event of an abnor-
mality in the switch device system or the switch apparatus due
to CPU runaway or the like, it is preferable that the user
recognizes the abnormality.

Therefore, in a second embodiment, the switch device is
configured to be turned off by switching the first electrical
contacts from onto off even ifthe switch device gets out of the
control to turn the first electrical contacts from on to off due to
CPU runaway or the like. Furthermore, the second embodi-
ment achieves a switch device system and a switch apparatus
including the switch device system enabling a user to recog-
nize an abnormal condition thereof.

FIG. 5 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in the
second embodiment. In a switch according to the present
embodiment, when the controller 302 is operating properly
and is in a fit state to output an electromagnet on/off signal (a
fourth signal) as needed, by control of this signal, energiza-
tion of the electromagnet can be made through an OR circuit
1901, and the contact state of first electrical contacts of the
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switch can be changed from the on state to the off state. In this
case, an electromagnet energization out-of-control signal (a
first signal) shown in FIG. 5 is “L.”.

The electromagnet energization out-of-control signal is an
example of a signal expressing whether control of an electri-
cal signal for changing the contact state of the first electrical
contacts from the on state to the off state is possible or not. For
example, the electromagnet energization out-of-control sig-
nal is a signal output from the controller 302 when energiza-
tion of the electromagnet cannot be controlled due to runaway
of'the controller 302 or the like. The electromagnet energiza-
tion out-of-control signal becomes “L” when the controller
302 is operating properly, and becomes “H” when the con-
troller 302 is not operating properly.

Furthermore, a switch-operation-unit off detection signal
(a second signal) output when switch-oft of the switch opera-
tion unit 1 has been detected is also “L.” because the signal
switch SW4 (the secondary side) is on (when the controller
302 is operating, AC power is supplied to the SVE power
source 301, so switch-on is required) and is connected to the
GND side. Therefore, a third signal is also “L”.

Also, when a user turned off the switch operation unit 1, if
the controller 302 is operating properly, the electromagnet
energization out-of-control signal (the first signal) is “L”.
Since the signal switch (the secondary side) is in the off state,
the switch-operation-unit oft detection signal (the second
signal) is a signal via a 5V pull-up resistor, and the switch-
operation-unit off detection signal (the second signal)
becomes “H”. Thereafter, after completing shutdown pro-
cessing, the controller 302 outputs the electromagnet on/off
signal (the fourth signal) at “H” output, and the state of the
first electrical contacts (the switch circuits SW1 and SW2)
can be changed from the on state to the off state, and the entire
system goes into the off state.

On the other hand, if the controller 302 is not operating
properly, the controller 302 is unable to control the output of
an electromagnet on/oft signal, so the electromagnet on/off
signal (the fourth signal) is uncertain. Therefore, ifthis signal
is fixed to “L”, the state of the first electrical contacts cannot
be changed from the on state to the off state by this signal. In
this case, the electromagnet energization out-of-control sig-
nal (the first signal) shown in FIG. 5 is “H”. And, the switch-
operation-unit off detection signal (the second signal) is “L”
because the signal switch (the secondary side) is in the on
state. Therefore, at this point, the third signal is also “L”.
Thereafter, when a user of the switch device or apparatus
comes to notice an abnormality and turns off the switch
operation unit 1, the switch-operation-unit off detection sig-
nal (the second signal) becomes “H”. Since the electromagnet
energization out-of-control signal (the first signal) and the
switch-operation-unit off detection signal (the second signal)
are both “H”, an output signal from an AND circuit 1902 (the
third signal) shown in FIG. 5 also becomes “H”. The “H”
output signal from the AND circuit 1902 (the third signal) is
transmitted to an input of the OR circuit 1901, and is output as
an “H” fifth signal from the OR circuit 1901. This makes it
possible to change the state of the first electrical contacts (the
switch circuits SW1 and SW2) from the on state to the off
state and also put the entire system into the off state.

In this manner, according to the present embodiment, the
state of the first electrical contacts is not immediately
changed from on to off even if there is an abnormality in the
switch device system or a switch apparatus including the
switch device system due to CPU runaway or the like. After a
user of the switch device system or a switch apparatus includ-
ing the switch device system comes to notice the abnormality
and turns off the switch device, the state of the first electrical
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contacts is changed from on to off, and the switch device can
be put into the off state. Therefore, it is possible to achieve a
switch device system and a switch apparatus including the
switch device system enabling a user to recognize an abnor-
mal condition thereof.

Third Embodiment

FIG. 6 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a third
embodiment. Description of portions identical to those in the
above embodiments is omitted. The same is true in FIGS. 7 to
9.

The circuit configuration diagram shown in FIG. 6 differs
from the circuit configuration diagram in the second embodi-
ment (FIG. 5) in that refinements are added to the electromag-
net energization out-of-control signal (the first signal).
Namely, the electromagnet energization out-of-control signal
(the first signal) in the present embodiment is an output signal
obtained by inputting a CPU communication error signal and
awatchdog timer error signal to an OR circuit 1903. The CPU
communication error signal is a signal generated when the
controller 302, the system, or a CPU (not shown) of the
apparatus fails to communicate. The watchdog timer error
signal is a signal indicating an abnormal condition in which a
watchdog timer of the controller 302, the system, or the CPU
(not shown) of the apparatus is not cleared at regular time
intervals.

Therefore, also in the third embodiment, in the same man-
ner as in the first embodiment, the first signal can be treated as
a signal to determine whether the controller 302 is normally
controllable or uncontrollable.

Fourth Embodiment

FIG. 7 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a fourth
embodiment. The circuit configuration diagram shown in
FIG. 7 differs from the circuit configuration diagram in the
second embodiment (FIG. 5) in that the electromagnet ener-
gization out-of-control signal as the first signal is replaced by
a forced off signal (in FIG. 7, a sixth signal) to forcibly turn
off the switch (by operation of another switch). A forced off
switch 1904 is, as shown in FIG. 7, a push-button switch that
the voltage applied thereto is pulled down from 5V and the
voltage state is changed to “H” when a user presses the switch
as a forced off instruction.

This configuration enables a user to certainly recognize an
abnormality in the system or the apparatus because as pro-
cessing in the event of an abnormality, such as CPU runaway,
a user of the system or the apparatus notices the abnormality
and switches off the system or the apparatus, and then presses
the forced off switch 1904 otherwise the system or the appa-
ratus is not recovered.

Fifth Embodiment

FIG. 8 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a fifth
embodiment. The circuit configuration diagram shown in
FIG. 8 differs from the circuit configuration diagram in the
fourth embodiment (FIG. 7) in that an electromagnet energi-
zation out-of-control signal (a seventh signal) is added as an
input signal condition of the AND circuit 1902 in the fourth
embodiment.

Inthis configuration, as processing in the event of an abnor-
mality, such as CPU runaway, a user of the system or the
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apparatus notices the abnormality and switches off the system
or the apparatus, and then presses the forced off switch 1904
otherwise the system or the apparatus is not recovered; fur-
thermore, if the user incorrectly determines an abnormality,
the state of the first electrical contacts cannot be changed from
the on state to the off state. Therefore, it is possible to prevent
sudden AC shutdown of the system or the apparatus due to
user’s incorrect determination.

Sixth Embodiment

FIG. 9 is a circuit configuration diagram for explaining the
operation of switch contacts and the flow of signals in a sixth
embodiment. The circuit configuration diagram shown in
FIG. 9 differs from the circuit configuration diagram in the
fifth embodiment (FIG. 8) in that refinements are added to the
electromagnet energization out-of-control signal (the seventh
signal). Namely, the electromagnet energization out-of-con-
trol signal (the seventh signal) in the present embodiment is
an output signal obtained by inputting a CPU communication
error signal and a watchdog timer error signal to an OR circuit
1905.

The embodiments are described above; however, the
present invention is not limited to these embodiments.

Various modifications to the positional relation, direction,
size, and the like of the components shown in FIGS. 1 and 2
are possible. Furthermore, the drawings shown in the embodi-
ments are for explaining the nature of the present invention,
and illustration and description of part departing from the
scope of the present invention are omitted. For example, it
goes without saying that a switch requires installation of
springs in the lower part of the switch operation unit 1 and in
between the switch contact levers 21, 22, and 3 to make the
contact state of the switch contacts certain.

Moreover, in the above embodiments, on/off of the AC
input 306 is described as an example of the first electrical
contacts; however, the first electrical contacts are not limited
to this. For example, the switch device according to any of the
first to sixth embodiments and a switch device system com-
posed of the switch device and an external unit can be applied
to battery-equipped equipment, such as a motor vehicle, a
transportation machine, an image forming apparatus, an elec-
trical device, a machine tool, and a medical device. Further-
more, depending on differences in AC/DC and working volt-
age inside the switch, it is necessary to secure air clearance
and a creepage distance for safety and functionality.

According to the embodiments, it is possible to safely shut
down an apparatus even in the event of sudden turn-off of a
power switch, and further possible to shut down AC power by
operation of the power switch when the apparatus is not in
use, and further possible to achieve less wasted power while
the apparatus is in operation and while the apparatus is in off
mode, and further possible to save the space required for the
switch and necessary parts as much as possible, and further
possible to produce a switch device at lower cost, and further
possible to implement turn-off of switch contacts with cer-
tainty even in the event of out of control due to CPU runaway
or the like and enables a user to recognize such an abnormal
condition.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.



US 9,263,207 B2

15

What is claimed is:

1. A switch device comprising:

a switch operation unit configured to be mechanically
operated so as to be in an on state or an off state;

a detecting unit configured to detect whether the switch
operation unit is in the on state or the off state;

a first mechanism to be configured to close electrical con-
tacts of at least one circuit when the switch operation
unit is operated to be in the on state from the off state;
and

a second mechanism configured to maintain the electrical
contacts in a closed state and switch the electrical con-
tacts from the closed state to an open state in response to
electrical signals indicating off, on, and, off to be
received sequentially while the switch operation unit is
in the off state when the switch operation unit is operated
to be in the off state from the on state, wherein

the second mechanism outputs a fifth signal thatis a logical
OR of a third signal and a fourth signal, the third signal
being a logical OR of a first signal indicating whether
control of the electrical signal is possible or not and a
second signal indicating detection of the switch opera-
tion unit being in the off state, the fourth signal being the
electrical signal,

if the first signal indicates that control of the electrical
signal is not possible, the second mechanism outputs the
third signal as the fifth signal, thereby switching the
electrical contacts from the closed state to the open state,
and

if the first signal indicates that control of the electrical
signal is possible, the second mechanism outputs the
fourth signal as the fifth signal, thereby switching the
electrical contacts from the closed state to the open state,

wherein the first signal is a signal indicating at least one of
a logical AND of a CPU communication error signal, a
watchdog timer error signal, and a force-off signal.

2. The switch device according to claim 1, wherein the
CPU communication error signal indicates that a CPU does
not perform normal communication, and the watchdog timer
error signal indicates an error state in which a watchdog timer
is not cleared at regular time intervals.

3. The switch device according to claim 1, wherein the
forced-off signal indicates an instruction to forcibly open the
electrical contacts.

4. The switch device according to claim 1, wherein the
third signal is a logical AND of the first signal, the second
signal, and a forced-off signal indicating an instruction to
forcibly open the electrical contacts.

5. An image forming apparatus comprising the switch
device according to claim 1.

6. An electrical device comprising the switch device
according to claim 1.

7. A medical device comprising the switch device accord-
ing to claim 1.

8. A machine tool comprising the switch device according
to claim 1.

9. A motor vehicle comprising the switch device according
to claim 1.

10. A switch device comprising:

a switch operation unit configured to be mechanically

operated so as to be in on state or off state;
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a detecting unit configured to detect whether the switch
operation unit is in the on state or the off state;

a first mechanism to be configured to close electrical con-
tacts of at least one circuit when the switch operation
unit is operated to be in the on state from the off state;

a second mechanism configured to maintain the electrical
contacts in a closed state and switch the electrical con-
tacts from the closed state to an open state in response to
electrical signals indicating off, on, and, off to be
received sequentially while the switch operation unit is
in the off state when the switch operation unit is operated
to be in the off state from the on state; and

a third mechanism configured to switch the electrical con-
tacts from the closed state to the open state in response to
the electrical signals indicating off, on, and, off to be
received sequentially and switch the switch operation
unit from the on state to the off state when the switch
operation unit is in the on state and the electrical contacts
are in the closed state, wherein

the second mechanism outputs a fifth signal that is a logical
OR of a third signal and a fourth signal, the third signal
being a logical OR of a first signal indicating whether
control of the electrical signal is possible or not and a
second signal indicating detection of the switch opera-
tion unit being in the off state, the fourth signal being the
electrical signal,

if the first signal indicates that control of the electrical
signal is not possible, the second mechanism outputs the
third signal as the fifth signal, thereby switching the
electrical contacts from the closed state to the open state,
and

if the first signal indicates that control of the electrical
signal is possible, the second mechanism outputs the
fourth signal as the fifth signal, thereby switching the
electrical contacts from the closed state to the open state,

wherein the first signal is a signal indicating at least one of
a logical AND of a CPU communication error signal, a
watchdog timer error signal, and a force-off signal.

11. The switch device according to claim 10, wherein the
CPU communication error signal indicates that a CPU does
not perform normal communication, and the watchdog timer
error signal indicates an error state in which a watchdog timer
is not cleared at regular time intervals.

12. The switch device according to claim 10, wherein the
forced-oft signal indicates an instruction to forcibly open the
electrical contacts.

13. The switch device according to claim 10, wherein the
third signal is a logical AND of the first signal, the second
signal, and a forced-off signal indicating an instruction to
forcibly open the electrical contacts.

14. An image forming apparatus comprising the switch
device according to claim 10.

15. An electrical device comprising the switch device
according to claim 10.

16. A medical device comprising the switch device accord-
ing to claim 10.

17. A machine tool comprising the switch device according
to claim 10.

18. A motor vehicle comprising the switch device accord-
ing to claim 10.



